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Choline uptake by glomerular synapses isolated from bovine cerebellar vermis

D.M. TERRIAN, E.L. NOISIN* and W.E. THOMAS**

Clinical Sciences Division, USAF School of Aerospace Medicine, Brooks AFB, TX 78235-5301 (U.S.A.)

(Accepted October 22nd, 1985)

Key words: cerebellar glomerulus - mossy fiber rosette - bovine cerebellar vermis -
acetylcholine - choline uptake - hemicholinium-3

[3H]Choline uptake was investigated in a highly enriched preparation of glomerular particles isolated from bovine cerebellar ver-
mis. Kinetic analysis indicates that a high-affinity choline uptake system with a relatively low maximum uptake velocity is present. At a
substrate concentration of 10-

1 M. ['H]choline uptake was shown to be sodium-dependent, hemicholinium-sensitive and non-reactive
to increasing concentrations of unlabeled choline. These findings support the presence of a high-affinity choline uptake system in cere-
bellar glomeruli and would seem to be consistent with the suggestion that a small proportion of mossy fibers are cholinergic in this
brain region.

Mossy fibers represent one of the two principal af- However, despite the apparent consistency of these
ferent systems projecting to the cerebellar cortex observations, a number of considerations render this
where they terminate in a large glomerular synaptic issue unclear.
complex. Over a quarter century has passed since Intraspecies differences in the distribution of
Hebb and Silver7 suggested that the cerebellar mossy AChE and ChAT among cell layers4 and between
fiber system was at least partially cholinergic; a vari- distinct areas of the cerebellar cortextt clearly exist.
ety of experimental approaches have generally sup- Any general principles of cholinergic organization
ported this hypothesis. Histochemical studies have which may pertain to the cerebellum have been
demonstrated that, in the cerebellar cortex of most largely obscured by this variability. It has also been
mammalian species examined, acetylcholinesterase noted that within the granular cell layer a potential
(AChE) is predominantly localized in the granular contribution by the Golgi cells to histochemical stain-
cell layer 4 .1 . When visualized under higher magnifi- ing cannot be ruled out. since these inhibitory inter-
cation-, the distribution of this cholinergic enzyme neurons also make synaptic contact with granule cells
marker appears to correspond with glomerular struc- in the glomerulus and are known to contain small
tures in this cell layer. The exclusive localization of amounts of ChATII. Finally, a major source of con-
choline acetyltransferase (ChAT) in the mossy fiber troversy has been a series of iontophoretic experi-
terminals of rabbit 9 and human'( cerebella has also ments in which the sensitivity of cerebellar granule
recently been demonstrated using an immunohisto- cells to cholinomimetics was tested in the cat with
chemical approach. In agreement with these studies conflicting results.t6. Thus, while some evidence
are the results of biochemical analyses in which it has suggests that a smill proportion of the cerebellar
been shown that AChE and ChAT activities are both mossy fibers may be cholinergic, a good deal of re-
significantly reduced by deafferentationi and that search remains to be accomplished.
acetylcholine (ACh)8 and ChAT3 are enriched in A variety of biochemical parameters has been
crude subcellular fractions of cerebellar glomeruli. used to assess the potential cholinergic nature of
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Present address: Department of Physiology. Meharry Medical College, Nashville, TN 37208. U.S.A.
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5301. U.S.A.
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mossy fibers. However, one cholinergic marker that except that incubations were performed at 0-5 'C.
does not appear to have been investigated is high-af- All uptake values presented correspond to the total
finity choline uptake. The presence of a high-affinity uptake at 37 'C minus the amount measured in con-
uptake system for choline in brain tissue is well estab- trol samples.
lished and has come to be considered a relatively spe- The kinetics of the observed uptake were deter-
cific marker for cholinergic neurons and synaptic ter- mined by double-reciprocal plots according to the
minals 2'19 . This uptake system has an affinity (Kr) in format of Lineweaver and Burk, and the X and Y in-
the low micromolar range22, contributes to the syn- tercepts were determined by linear regression analy-
thesis of ACh5 .6, is dependent on the presence of so- sis. The remaining data were analyzed statistically by
dium ions5.' 3, and is selectively inhibited by the com- a t-test. Protein was measured by the method of Low-

pound hemicholinium-3 (HC-3) 6. In the present ry et al.' 5 , following precipitation in trichloroacetic
study, choline uptake was investigated in a highly en- acid (5.0%, w/v) at 0-5 'C for 30 min.
riched fraction of isolated cerebellar glomeruli as a Measurement of the rate of [3Hcholine uptake
means of assaying for the presence of cholinergic ter- over a substrate concentration range of 5 x 10-K to

minals. 5 X 10-6 M indicated that high-affinity uptake sites
The bovine cerebellar vermis was used as the tis- were present in cerebellar glomeruli. Kinetic analysis

sue source and glomerular particles were obtained as (Fig. 1) estimates the Kr of this choline uptake
described previously 20. Glomeruli isolated in this system to be 1.42 ± 0.34pM and the maximal uptake

manner have been analyzed under the electron mi- velocity (V,,x) to be 6.67 ± 0.98 pmol'mg protein-
croscope and found to retain their structural integrity -min-' (mean ± S.E.M.), The sodium dependence of
and to account for an estimated 92.6 ± 3.9% (mean [3H]choline uptake and its sensitivity to HC-3 were
± S.E.M.) of the material in this fraction2 0. The final tested at a substrate concentration of 0.1 pM with the
preparation was resuspended in 0.32 M glucose to results shown in Fig. 2. Equimolar substitution of so-
give a protein concentration of 13.25 ± 1.30 mg/mI dium ions with sucrose in the incubation medium re-
(mean ± S.E.M.) and the uptake of (methyl-3Hjcho- duced 13Hjcholine uptake by 75.2 ± 7.7% (mean
line chloride (Amersham, spec. act. 78 Ci/mmol) was ± S.E.M.) and HC-3, at a final concentration of 5
assayed by a modification of a procedure which has uM, consistently inhibited uptake by greater than

also been described previously 2 . Briefly, aliquots 90%. Furthermore, the possibility that a homoex-
(50 ui) of the glomerular suspension were diluted change process' 7 contributed to the observed uptake
with 900 p1 of a buffered Krebs-Ringer solution
(pH 7.4) which had been saturated with 95% 0,-5%
CO, prior to use. A final volume of 1.0 ml was ob- 5.0

tained by adding varying concentrations of [3 Hcho- 4.0

line. Preliminary experiments demonstrated that the
uptake of 0.1 uM [1H]choline increases in a linear 3.9

fashion for up to 10 min at 37 °C and that the rate of IN
[3Hjcholine uptake was also linearly related to the 20

concentrations of glomerular protein used in these
studies (data not shown). All subsequent incubations 1.0
were carried out for 5 min at 37 0C. Uptake was ter-
minated by sedimenting particulate material on a mi- -0
crofuge and rinsing the resultant pellet twice with ice- 1/

cold incubation medium 14. The final pellet was solu- Fig. I. Double-reciprocal plot of high-affinity ('Hjcholine up-
take by glomerular particles isolated from the vermal cortex of

bilized overnight in 1.0 ml of 1.0 N NaOH and the ra- bovine cerebellum. V = pmol-mg proteinmin- 1: S = choline
dioactivity of each sample was measured, following concentration (10-1 M). Kinetic parameters. KT and Vm,
acidification, in an LKB Rackbeta liquid scintillation were obtained by computer analysis and are respectively as fol-

lows: 1.42 ± 0).3, and 6.67 ± 0.98. The data are the means
counter with a counting efficiency of approximately ± S.E.M. of duplicate determinations in 4 separate experi-
39%. Controls were treated in an identical manner ments.
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1.5" ration are consistent with those properties reported

for high affinity choline uptake in other brain regions
1.2- of various species 5.' . 1

7.
1
9.22 .

' I The present results are in agreement with the hy-
0.9 pothesis that a small proportion of cerebellar mossy

fibers are cholinergic in nature. While the assignment
0.0. of choline uptake to the glomerular synaptic Lomplex

< .oat cannot be unequivocally established, the high purity
0.3 (.001 of this subcellular fraction is extremely supportive in

this regard. Assuming the association of choline up-
Comm t" 3o9-E N-3 take with cerebellar glomeruli is valid, the most likely

Fig. 2. Inhibition of active [3H]choline uptake into glomerular candidate for cholinergic function would seem to be

particles by incubation in the presence of unlabeled choline the excitatory mossy fiber terminal. Autoradio-
(125 MM: striped bar), a sodium-free medium (cross-hatched graphic localization of high affinity choline uptake
bar), and hemicholinium-3 (5puM; solid bar). Uptake data are sites in glomerular particles would provide an impor-
means ± S.E.M. of duplicate determinations from three sepa-
rate experiments. All samples were preincubated (5 min) be- tant test of this hypothesis. The suitability of the glo-
fore adding [1-Hlcholine (0.1 M) to the medium and incubating merular preparation for such an analysis has been
for 5 min at 37 'C. Hemicholinium-3 was present during prein-
cubation: all other uptake procedures were as described in the demonstrated previously in studies in which y-amino-
text. butyric acid uptake sites were shown to be specifical-

ly associated with the inhibitory Golgi axon termi-
was ruled out by demonstrating that the amount of nals2t . Yet another critical test which remains to be
radioactivity accumulated by prelabeled (5 min) glo- accomplished is the determination of whether or not
merular particles was not significantly reduced when glomerular particles release recently synthesized
the concentration of unlabeled choline was increased acetylcholine in a calcium-dependent manner follow-
to 125MuM and glomeruli were incubated an addition- ing membrane depolarization, Work in this laborato-
al 3 min (Fig. 2). ry is being conducted in both of these areas in an at-

Thus, an active high-affinity process for [3H]cho- tempt to further assess the possibility that cholinergic
line uptake was observed in glomerular particles iso- mossy fibers innervate the cerebellar cortex.
lated from the vermis of bovine cerebellum. This up-
take was sodium dependent, almost completely in- This research was sponsored by the U.S. Air Force
hibited by low micromolar concentrations of HC-3, Office of Scientific Research under Task 2312W3
and does not appear to be attributable to an ex- and Contract F49620-82-C-0035. The expert technic-
change of radiolabeled for unlabeled choline. These al assistance of SSgt Jody Stewart and Ms. Marybeth
features of choline uptake in this nerve ending prepa- Hofstetter is gratefully acknowledged.
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